Abstract. MicroRNAs (miRs) serve a role in promoting and suppressing tumors in various types of malignant cancer, such as cervical cancer. However, the regulatory mechanism of miR-124-3p in cervical cancer remains unclear. In the present study, miR-124-3p was significantly downregulated in cervical cancer tissues and cell lines compared with matching adjacent non-tumor tissues and the normal cervical epithelial cell line End1/E6E7, respectively. Decreased expression of miR-124-3p was associated with advanced cervical cancer and the results of an in vitro study demonstrated that the ectopic expression of miR-124-3p significantly decreased the proliferation, migration and invasion of cervical cancer Caski cells. Furthermore, insulin-like growth factor 2 mRNA binding protein 1 (IGF2BP1) was identified as a novel target of miR-124-3p. Overexpression of miR-124-3p decreased the expression of IGF2BP1, whereas miR-124-3p knockdown promoted IGF2BP1 expression at the post-transcriptional level in Caski cells. Additionally, overexpression of IGF2BP1 attenuated the suppressive effects of miR-124-3p on the proliferation, migration and invasion of Caski cells. IGF2BP1 was upregulated in cervical cancer tissues and cell lines compared with matching adjacent non-tumor tissues and the End1/E6E7 cell line, respectively. Therefore, the present study suggests that miR-124-3p suppresses the growth and metastasis of cervical cancer by directly targeting IGF2BP. Thus, miR-124-3p may be developed as a novel method of treating cervical cancer.
Introduction
Cervical cancer is one of the most common types of cancer diagnosed in women, particularly in developing countries such as China (1) . In addition, it is the fourth most frequent cause of cancer-associated mortality in females (1) . Despite improvements in the diagnosis and treatment of cervical cancer, the prognosis of patients with advanced cervical cancer remains poor (2) . Therefore, identifying the molecular mechanism underlying the growth and metastasis of cervical cancer is critical to facilitate the development of novel therapeutic strategies.
MicroRNAs (miRs) are a class of non-coding RNAs that are 18-25 nucleotides long. They function as regulators of gene expression by directly binding to 3'-untranslated regions (UTRs) of target mRNAs, leading to mRNA degradation or the inhibition of protein translation. Through inhibiting the expression of their target mRNAs, miRs have been implicated in various biological processes, including cell survival, proliferation, differentiation, migration and invasion. It has been demonstrated that miRs serve a role in the promotion and suppression of tumors during the development and progression of malignant cervical cancer (3) . For example, miR-27b is upregulated in cervical cancer and promotes cell growth, invasion and the epithelial-mesenchymal transition (EMT) by directly targeting cadherin II (CDH11) (4) . Additionally, miR-143, which promotes apoptosis and inhibits tumor formation by targeting Bcl-2k, is downregulated in cervical cancer (3) . miR-124 is involved in the regulation of several different types of cancer (5). Han et al (6) identified that miR-124 was downregulated in osteosarcoma and that this decrease in the expression of miR-124 was associated with an advanced clinical stage, distant metastasis, poor response to neoadjuvant chemotherapy and a shorter survival time of patients with osteosarcoma. In addition, An et al (5) identified that miR-124 inhibited the migration and invasion of glioma cells by inhibiting the expression of Rho-associated protein kinase 1 (ROCK1). Furthermore, it has been demonstrated that miR-124-3p serves an inhibitory role in cervical cancer. Wilting et al (7) reported that miR-124 was significantly downregulated in cervical cancer due to high methylation, and downregulation of miR-124 was associated with high-grade lesions. In addition, miR-124 serves a suppressive role in cervical cancer by targeting astrocyte elevated gene-1 protein, ribosome interacting Gtpase (RBG2) and angiomotin-like protein 1 (AmotL1) (8) (9) (10) . However, it remains unclear whether there are any other target genes of miR-124-3p in cervical cancer.
MicroRNA-124-3p inhibits cell growth and metastasis in cervical cancer by targeting IGF2BP1
Therefore, the present study aimed to determine the exact role and underlying molecular mechanism of miR-124-3p in the growth and metastasis of cervical cancer.
Materials and methods
Tissue collection. A total of 85 cervical cancer tissues and adjacent non-tumor tissues were collected from Dezhou People's Hospital between March 2012 and September 2014. A total of 85 female patients aged 43-71 years (mean, 58.4 years) were enrolled in the present study. No patients received radiotherapy or chemotherapy prior to surgical resection. The clinicopathological characteristics of the patients are summarized in Table I . All tissues were immediately snap-frozen in liquid nitrogen following surgical removal. Patients were classified according to the WHO criteria and staged according to the tumor-node-metastasis (TNM) classification (11) . The present study was approved by the Ethics Committee of Dezhou People's Hospital (Dezhou, China) and written informed consent was obtained from all participants.
Cell culture and transfection. The human cervical cancer cell lines SiHa, HeLa, Caski, and C33a and the healthy cervical epithelial cell line End1/E6E7 were obtained from the Cell Bank of Chinese Academy of Sciences (Shanghai, China). All cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) at 37˚C in a humidified incubator containing 5% CO 2 . Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) was used to conduct cell transfection according to the manufacturer's instructions. The Caski cells were transfected with 100 nM of miR-124-3p mimics to upregulate its expression, and cells transfected with 100 nM of scramble miR (cat. no. yb1004; miR-NC) were used as control. The Caski cells were transfected with 100 nM of miR-124-3p inhibitor to knock down its expression, and cells transfected with 100 nM of negative control (NC) inhibitor were used as control. To study the function of miR-124-3p and IGF2BP1, Caski cells were co-transfected with 100 nM of miR-124-3p mimic (cat. no. yb2033) and 5 µg of blank pcDNA3.1 vector (cat. no. yb0086; miR-124-3p + blank) or 100 nM of miR-124-3p mimic and 5 µg of pcDNA3.1-IGF2BP1 plasmid (cat. no. yb0116; miR-124-3p + IGF2BP1), and cells co-transfected with 100 nM miR-NC and 5 µg of blank pcDNA3.1 vector (miR-NC + blank) were used as control. All these miR mimic, inhibitor and plasmid were purchased from Yearthbio (Changsha, China), and manufacturer did not supply the sequences. Analysis of gene expression was conducted 48 h following transfection.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). TRIzol reagent (Thermo Fisher Scientific, Inc.) was used to extract total RNA from tissues and cell lines. RNA was then converted into cDNA using the RevertAid RT Reverse Transcription kit (Thermo Fisher Scientific, Inc.), which was performed in accordance with the manufacturer's instructions. A MirVana™ Real-Time RT-PCR MicroRNA Detection kit (Thermo Fisher Scientific, Inc.) was used to determine miR expression, following the manufacturer's instructions. U6 was used as an internal reference. mRNA expression was measured by qPCR using the Standard SYBR-Green RT-PCR kit (Takara Bio, Inc., Otsu, Japan) according to the manufacturer's instructions and GAPDH was used as an internal reference. The reaction conditions were 95˚C for 3 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 30 sec. The primer sequences were as follows: Insulin-like growth factor 2 mRNA binding protein 1 (IGF2BP1) forward, 5'-CAA AGG AGC CGG AAA ATT CAA AT-3' and reverse, 5'-CGT CTC ACT CTC GGT GTT CA-3'; GAPDH forward, 5'-ACA ACT TTG GTA TCG TGG AAG G-3' and reverse, 5'-GCC ATC ACG CCA CAG TTT C-3'; miR-124-3p forward, 5'-CGG GTA GCA GGC TTC TGA GT-3' and reverse, 5'-AAA CCC CTC TCT GTC GGT AGC T-3'; U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA AYY YGC GT-3'. Relative expression levels were quantified using the 2 -ΔΔCq method (12) .
Western blot analysis. Caski cells were lysed in Protein Lysis Buffer (Beyotime Institute of Biotechnology, Shanghai, China) following the manufacturer's instructions. Protein concentration was determined using the BCA Protein assay kit (Thermo Fisher Scientific, Inc.) following the manufacturer's instructions. For each well, protein (60 µg) was separated using 10% SDS-PAGE and then transferred to a PVDF membrane (Thermo Fisher Scientific, Inc.). Following 3 h incubation at room temperature in TBST containing 5% nonfat dried milk (Yili Group, Beijing, China), the PVDF membrane was incubated with primary antibodies against IGF2BP1 (cat. no. ab82968) and GAPDH (cat. no. ab9485) (1:100; both from Abcam, Cambridge, MA, USA) at room temperature for a further 3 h and then washed with TBST three times. Subsequently, the membrane was incubated with horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (cat. no. ab97051, 1:5,000; Abcam) for 40 min at room temperature. The membrane was then washed three times with TBST and the immune complexes on the PVDF membrane were detected using the ECL Western Blotting kit (Thermo Fisher Scientific, Inc.), following the manufacturer's instructions. ImageJ software v.1.48 (National Institutes of Health, Bethesda, MD, USA) was used to analyze relative protein expression, which was presented as the density ratio versus GAPDH.
Cell proliferation analysis. Caski cells (5x10 3 cells/well) were seeded in 96-well plates with 100 µl fresh serum-free DMEM and 0.5 g/l MTT (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Following incubation at 37˚C for 0, 24, 48 and 72 h, the medium containing MTT was removed and 50 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was added. Following incubation at 37˚C for 10 min, the absorbance at 570 nm of each sample was determined using a plate reader.
Cell migration assay. Caski cells were cultured until 100% confluence was reached, the wound was formed with a plastic scriber and cells were washed with Dulbecco's phosphate-buffered saline. Following this, Caski cells were cultured in DMEM with 10% FBS at 37˚C in a humidified atmosphere of 5% CO 2 for 48 h and then observed under a light microscope.
Cell invasion assay.
A Transwell assay was conducted to examine cell invasion using a 24-well Transwell chamber with a layer of Matrigel (Chemicon; EMD Millipore, Billerica, MA, USA). Caski cell suspension containing 5x10 5 cells was added to the upper chamber with DMEM and DMEM containing 10% FBS was added to the lower chamber. Following 24 h incubation in a 37˚C humidified atmosphere of 5% CO 2 , cells on the interior of the inserts were removed using a cotton-tipped swab. Invading cells on the lower surface of the membrane were stained with gentian violet for 10 min at room temperature (Sigma-Aldrich; Merck KGaA), rinsed with water, dried in air and counted under a light microscope.
Bioinformatical predication and luciferase reporter gene assay. Targetscan (www.targetscan.org/) was used to predicate the putative target genes of miR-124-3p. The wild-type (WT) of IGF2BP1 3'UTR was constructed by YearthBio (Changsha, China) and inserted into the pMIR-REPORT miRNA Expression Reporter vector (Thermo Fisher Scientific, Inc.) generating the WT-IGF2BP1-3'UTR plasmid. The mutant type (MT) of IGF2BP1 3'UTR was constructed using the Easy Mutagenesis System kit (Promega Corporation, Madison, WI, USA), in accordance with the manufacturer's instructions. This was also inserted into the pMIR-REPORT miRNA Expression Reporter vector to generate the MT-IGF2BP1-3'UTR plasmid. Caski cells were co-transfected with WT-IGF2BP1-3'UTR plasmid, or MT-IGF2BP1-3'UTR plasmid and miR-NC or miR-423-3p mimic using Lipofectamine 2000. Following transfection for 48 h, luciferase activity was determined using the dual-luciferase reporter assay system (Promega Corporation) and Renilla luciferase activity was normalized to firefly luciferase activity.
Statistical analysis. The data were expressed as the mean ± standard deviation. Statistical analysis was performed using SPSS 20.0 (IBM Corp, Armonk, NY, USA). The differences between the two groups were analyzed using a Student's t-test. Pearson's correlation coefficient was also used. The association between miR-124-3p expression and the clinical characteristics of cervical cancer was analyzed using a χ 2 test. P<0.05 was considered to indicate a statistically significant difference.
Results

Downregulation of miR-124-3p is associated with cervical
cancer progression. miR-124-3p expression was examined in cervical cancer tissues and matching adjacent non-tumor tissues. The results of RT-qPCR indicated that levels of miR-124-3p levels were significantly reduced in cervical cancer tissues compared with matching adjacent non-tumor tissues (P<0.0001; Fig. 1A ). Subsequently, miR-124-3p levels in the cervical cancer cell lines SiHa, HeLa, Caski and C33a as well as in normal cervical epithelial cell line End1/E6E7 were examined. It was demonstrated that miR-124-3p levels were significantly downregulated in cervical cancer cell lines compared with End1/E6E7 cells (all P<0.01; Fig. 1B) .
The clinical significance of miR-124-3p in cervical cancer was then investigated. Patients with cervical cancer were divided into two groups based on the mean value of miR-124-3p expression. Low expression of miR-124-3p was significantly associated with poor differentiation, metastasis and advanced clinical stage in cervical cancer (all P<0.01; Table I ). These results suggest that the downregulation of miR-124-3p may contribute to the progression of cervical cancer.
Ectopic expression of miR-124-3p inhibits the proliferation, migration and invasion of Caski cells. Caski cells exhibited
the greatest reduction in miR-124-3p expression compared with the End1/E6E7 cells (Fig. 1A) , therefore this cell line was used in subsequent experiments. To determine the role of miR-124-3p in cervical cancer, Caski cells were transfected with miR-124-3p or miR-NC. The results of RT-qPCR indicated that miR-124-3p levels were significantly higher in the miR-124-3p group compared with the miR-NC group (P<0.01; Fig. 2A) . MTT, wound healing and Transwell assays were all performed to determine cell proliferation, migration and .01 vs. miR-NC. The magnification for the wound healing assay was x40 and for the Transwell assay it was x400. miR, microRNA; NC, negative control; A570, absorbance at 570 nm. invasion, respectively. It was demonstrated that the overexpression of miR-124-3p significantly reduced the proliferation, migration and invasion of Caski cells compared with the miR-NC group (all P<0.01; Fig. 2B-D) . These results suggest that miR-124-3p suppresses the growth and metastasis of cervical cancer.
IGF2BP1 is a target gene of miR-124-3p in Caski cells.
The putative target genes of miR-124-3p were analyzed. Targetscan data indicated that IGF2BP1 was a potential target gene of miR-124-3p (Fig. 3A) . To confirm this targeting association, luciferase vectors containing WT or MT IGF2BP1 3'UTR were constructed ( Fig. 3B and C) . A luciferase reporter gene assay was then conducted and it was determined that luciferase activity was significantly reduced in Caski cells co-transfected with miR-124-3p mimics and WT-IGF2BP1-3'UTR plasmid compared with the control group (P<0.01; Fig. 3D ). This reduction was eliminated when cells were transfected with a MT-IGF2BP1-3'UTR plasmid (Fig. 3D) . This indicates that IGF2BP1 may be a novel target gene of miR-124-3p.
Upregulation of IGF2BP1 is inversely correlated with miR-124-3p expression in cervical cancer.
To determine the role of IGF2BP1 in cervical cancer, the expression of IGF2BP1 in cervical cancer tissues was measured. Levels of IGF2BP1 mRNA were significantly increased in cervical cancer tissues compared with matched adjacent non-tumor tissues (P<0.0001; Fig. 4A ). Furthermore, levels of IGF2BP1 mRNA and protein were higher in the cervical cancer cell lines compared with End1/E6E7 cells (all P<0.01; Fig. 4B and C) . In addition, IGF2BP1 levels were inversely correlated with miR-124-3p levels in cervical cancer tissues (r=-0.744; Fig. 4D ). These results suggest that the upregulation of IGF2BP1 may be caused by the downregulation of miR-124-3p in cervical cancer tissues.
miR-124-3p negatively regulates the protein expression of IGF2BP1 in Caski cells.
The effects of miR-124-3p on the expression of IGF2BP1 protein in Caski cells were investigated. It was demonstrated that the expression of IGF2BP1 protein was significantly lower in the miR-124-3p group compared with the miR-NC group (P<0.01; Fig. 5A ), indicating that overexpression of miR-124-3p inhibits the expression of IGF2BP1. To further confirm these findings, Caski cells were transfected with either miR-124-3p inhibitor or NC inhibitor. Following transfection, levels of miR-124-3p were significantly reduced in the miR-124-3p inhibitor group compared with the NC inhibitor group (P<0.01; Fig. 5B ). Furthermore, levels of IGF2BP1 protein were higher in the miR-124-3p inhibitor group compared with the NC inhibitor group, indicating that inhibition of miR-124-3p significantly promotes the protein expression of IGF2BP1 (P<0.01; Fig. 5C ). These results demonstrate that miR-124-3p negatively regulates the expression of IGF2BP1 in Caski cells. IGF2BP1 was upregulated in cervical cancer and its expression was negatively regulated by miR-124-3p in Caski cells, therefore, it was hypothesized that IGF2BP1 may be involved in the development of the miR-124-3p-mediated malignant phenotypes of Caski cells. Thus, Caski cells were co-transfected with scramble miR and blank pcDNA3.1 vector, miR-124-3p mimic and a blank pcDNA3.1 vector and miR-124-3p mimic pcDNA3.1-IGF2BP1 plasmid, respectively. Following transfection, it was determined that levels of IGF2BP1 were significantly reduced in the miR-124-3p + blank group compared with the miR-NC + blank group; however, the levels of IGF2BP1 protein were higher in the miR-124-3p + IGF2BP1 group compared with the miR-124-3p + blank group (Fig. 6A) . MTT, wound healing and Transwell assays were subsequently performed. The proliferation, migration and invasion of Caski cells were significantly decreased in the miR-124-3p + blank group compared with miR-NC + blank group. However proliferation, migration and invasion of Caski cells were significantly increased in the miR-124-3p + IGF2BP1 group compared with the miR-124-3p + blank group (P<0.01; Fig. 6B-D) . These results suggest that overexpression of IGF2BP1 attenuates the suppressive effects of miR-124-3p on the malignant phenotypes of Caski cells.
Overexpression of IGF2BP1 attenuates the effects of miR-124-3p on the malignant phenotypes of Caski cells.
Discussion
It has been demonstrated that miR-124-3p serves a suppressive role in cervical cancer (7) . However, the detailed molecular mechanism by which miR-124-3p affects cervical cancer growth and metastasis remains largely unclear. The results of the present study demonstrated that miR-124-3p was significantly downregulated in cervical cancer and that the decreased expression of miR-124-3p was associated with its malignant progression, as well as the poor prognosis of patients with cervical cancer. The ectopic expression of miR-124-3p suppressed the proliferation, migration and invasion of Caski cells. IGF2BP1 was identified as a novel target of miR-124-3p in Caski cells and overexpression of IGF2BP1 attenuated the suppressive effects of miR-124-3p on the malignant phenotypes of Caski cells. IGF2BP1 was upregulated in cervical cancer and was inversely correlated with miR-124-3p levels in cervical cancer tissues.
It was demonstrated that miR-124-3p acts as a tumor suppressor by regulating different targets in common cancers. For example, the downregulation of miR-124-3p is implicated in the tumorigenesis of gastric cancer (13). Xu et al (14) reported that miR-124-3p inhibits the migration and invasion of bladder cancer cells by targeting ROCK1. Similarly, miR-124-3p suppressed cell proliferation, invasion and aerobic glycolysis and promoted cell apoptosis in astrocytoma (15) . Furthermore, miR-98 may serve a suppressive role in cervical cancer. Wilting et al (7) investigated the methylation status of miR-124 in 139 cervical tissue specimens and observed that methylation frequency increased from 0% in normal tissues to 93% in cervical carcinomas, resulting in a reduction in the expression of miR-124. In the present study, miR-124-3p was significantly downregulated in cervical cancer tissues and cell lines compared with matching adjacent non-tumor tissues and normal cervical epithelial cells, respectively. Furthermore, it was observed that low expression of miR-124-3p was associated with metastasis and a more advanced clinical stage of cervical cancer, suggesting that the downregulation of miR-124-3p may contribute to the progression of cervical cancer. The present study also indicated that overexpression of miR-124-3p significantly reduced the proliferation, migration and invasion of Caski cells. Previous studies have reported that miR-124 suppresses the proliferation, migration and invasion of cervical cancer cells (8, 10) , which is consistent with the results of the present study. The rs531564 polymorphism in miR-124 may also affect the genetic susceptibility of individuals to cervical cancer. A comparison between those carrying the CC genotype and individuals carrying CG and GG genotypes demonstrated that those harboring the CC gene exhibited a significantly reduced risk of developing cervical cancer (16) . miRs function by negatively regulating the expression of their targets (17) therefore a bioinformatics analysis was performed in the present study to predicate the potential target genes of miR-124-3p. Targetscan data indicated that IGF2BP1 was a putative target gene of miR-124-3p. Luciferase reporter gene assay data confirmed that miR-124-3p could directly bind to the 3'UTR of IGF2BP1 mRNA and it was concluded that IGF2BP1 is a novel target gene of miR-124-3p. Furthermore, the expression of IGF2BP1 was negatively regulated by miR-124-3p in Caski cells. IGF2BP1 belongs to the IGF2BP family and contains four K homology domains and two RNA recognition motifs (17) . IGF2BP1 can directly bind to the mRNAs of certain genes including insulin-like growth factor 2, β-actin and β-transducing repeat-containing protein and therefore induces their translation (18, 19) . It was recently reported that IGF2BP1 serves an oncogenic role in cervical cancer (20) . Su et al (20) demonstrated that miR-140-5p suppressed cervical cancer growth and metastasis by targeting IGF2BP1. However, the detailed regulatory mechanism underlying IGF2BP1 expression in cervical cancer remains unclear. In the present study, it was determined that the overexpression of IGF2BP1 attenuates the suppressive effects of miR-124-3p upregulation on the proliferation, migration and invasion of Caski cells. This suggests that miR-124-3p inhibits cell proliferation and induces cell apoptosis in cervical cancer by directly targeting IGF2BP1. In addition the present study demonstrated that IGF2BP1 was significantly upregulated in cervical cancer tissues and cell lines and that levels of IGF2BP1 mRNA were inversely correlated with levels of miR-124-3p in cervical cancer tissues. These results suggest that the upregulation of IGF2BP1 may be due to the downregulation of miR-124-3p in cervical cancer.
Various other targets of miR-124 have been identified in cervical cancer. For example, Wan et al (10) reported that miR-124 repressed vasculogenic mimicry and cell motility in cervical cancer cells by targeting AmotL1. Additionally, Zhang et al (8) demonstrated that miR-124 inhibited the proliferation, invasion, migration and EMT of cervical carcinoma cells by targeting the astrocyte-elevated gene-1. Liu et al (9) indicated that MALAT1 may promote the proliferation and invasion of HR-HPV(+) cervical cancer cells, at least partially, by inhibiting the expression of miR-124, thus upregulating the expression of its target gene RBG2.
In conclusion, the present study is the first to demonstrate that miR-124-3p is downregulated in cervical cancer and inhibits the proliferation, migration and invasion of cervical cancer cells by inhibiting the expression of its novel identified target gene IGF2BP1. This suggests that whilst IGF2BP1 remains a therapeutic target, miR-124-3p may be a potential candidate for the treatment of cervical cancer. P<0.01. The magnification for the wound healing assay was x40 and for the Transwell assay it was x400. miR, microRNA; NC, negative control; A570, absorbance at 570 nm; IGF2BP1, insulin-like growth factor-2 mRNA binding protein-1.
